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ABSTRACT 
 

Idaho National Laboratory’s (INL’s) Portable Isotopic Neutron Spectroscopy System (PINS) non-
intrusively identifies the chemical fill of munitions and sealed containers.  The PINS-3X variant of the 
system is used to identify explosives and uses a deuterium-tritium (DT) electronic neutron generator 
(ENG) as the neutron source.  Use of the system, including possession and use of the neutron generator 
and shipment of the system components requires compliance with a number of regulations.   This report 
outlines some of these requirements as well as some of the requirements in using the system outside of 
INL. 
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PINS-3X Operations 
 

 

1. SYSTEM COMPONENTS 
 

The PINS-3X1 system consists of a mechanically-cooled high-purity germanium (HPGe) detector, a 
portable deuterium-tritium (DT) electronic neutron generator (ENG), system stand with associated 
shielding, laptop computer, battery box, and cables.  A photo of the assembled system is shown in Figure 
1. 

 
Figure 1:  PINS-3X system 

 The system is packaged in a set of three shipping boxes shown in Figure 2.  The largest box 
contains the system stand and battery box.  The two smaller boxes contain the HPGe spectrometer and 
neutron generator, respectively.  The large box contains the frame and shielding material.  The weight of 
each component is listed in Table 1. 
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Figure 2:  Shipping boxes 

 
Table 1.  Component weights 
 
 
 

 

 

 

 

 

 

 

 

  

Component 
Component weight 

(lbs) 
Loaded shipping box weight 

(lbs) 

HPGe 26 70 

Neutron Generator 26 60 

Stand & Shielding 100 
150 

Battery Box  5 

Laptop Computer  5  
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1.1 Licensing Requirements for Components 
 

The PINS-3X system does have some licensing requirements in order to be owned and operated.  
This is due to the tritium in the neutron generator.  A valid Radioactive Material License by an 
appropriate regulating authority is required; this license must include a line item listing 3 Ci of tritium 
in the form of a sealed neutron tube.  “Any Form” is also acceptable, provided that the regulating 
authority agrees that this also includes a sealed neutron tube.  The regulating authority can be either 
the state government when the owner is located in an NRC Agreement State or the NRC itself.  The 
neutron tube actually contains significantly less than 3 Ci of tritium, ensuring that the license will not 
be violated. 

No other licensing is required to own or operate any of the other components of the PINS-3X 
system.  The PINS+ software is export controlled, however, and an export license is required before 
exporting the software.   
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2. SHIPPING REQUIREMENTS 
 

Shipment of the system using commercial shipping companies requires adherence to a number of 
regulations regarding the shipment of radioactive and hazardous materials.  These requirements arise out 
of shipment of the neutron generator and the batteries for the battery box. 

 

2.1 Neutron Generator Shipment 
The neutron generator contains a solid metal hydride reservoir containing approximately 2 Ci of 

tritium.  This amount of tritium, in this form factor, is regarded as an “excepted” quantity of tritium under 
NRC regulations2.  The generator itself is marked as containing radioactive material as shown in Figure 3.  
The shipping label is marked as “THIS PACKAGE CONFIRMS TO THE CONDITIONS AND 
LIMITATIONS SPECIFIED IN 49 CFR 173.424 FOR EXCEPTED RADIOACTIVE MATERIAL, 
INSTRUMENTS AND ARTICLES, UN2911”. 

The generator is also a DOT-certified3 pressure vessel.  This allows it to be shipped by air and ground 
transport without removing the pressurized SF6 insulating gas inside the generator but does add the 
requirement that the generator box be labeled as “SULPHUR HEXAFLUORIDE UN1080 NON 
FLAMMABLE GAS”. 

 
Figure 3:  Radioactive material label 
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2.2 Battery Shipment 
Both the HPGe spectrometer and the neutron generator are able to operate using either shore power 

(110 V AC) or batteries.  The HPGe detector has an internal battery to provide power to the mechanical 
cooler that will last for up to two hours of operation.  An additional external battery can be connected to 
the HPGe detector as shown in Figure 4 to provide an additional 6 or more hours of operation time for the 
detector.  This battery has an approximate 200 Watt-hr capacity and can be held in the battery box that is 
included with the system.  Similarly, the neutron generator can operate for approximately 8 hours using 
one of these batteries.   

 
Figure 4:  Detector with external  battery 

 

 These large-capacity external batteries must be placed in UN Type 1A containers that are suitable for 
air transport for shipment.  These containers can fit into the other shipping boxes that are equipped with 
the system.   The batteries then have to be included in the shipper’s “Declaration of Dangerous Goods” 
and require that cargo-only aircraft be used in the shipment.  The internal batteries of the laptop computer 
and the TranSpec HPGe detector do not need to be removed from the equipment before shipment.   
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3. USE PERMITS 
 

Use of the PINS-3X system requires a number of permits, depending on where and how the system is 
being used.  As stated in an earlier section, ownership of the system by a non-DOE entity requires having 
a valid Radioactive Material License.  Possession of such a license indicates that the owner has an 
appropriate radiological control program and has reviewed the activities where the radioactive material 
will be used.   The sections below describe the two main uses of the system, namely emergency response 
and training or other routine use of the system.   

 

3.1 Routine or Training Use of the System 
 

The standard PINS system and the PINS-3X system have both been used at non-INL sites, both DOE 
sites and DOD sites.  The requirements for use of the PINS-3X system at these sites has varied with the 
scope, with the operations, and the types of materials being assessed, i.e. whether live explosives, 
chemical warfare materiel,  or real SNM were being assessed.  There are two basic paths towards using 
the system at an outside site, namely either INL or another DOE owner controls and authorizes the use of 
the system and follows the necessary DOE protocols for its use, or the host site controls and authorizes 
the use of the system.   

A recent example of a host site authorizing and controlling the use of a PINS-3X system is when INL 
conducted some tests using the system at Aberdeen Proving Ground in April and May of 2013.  In April, 
a PINS-3X system was shipped to the Edgewood area of Aberdeen Proving Ground.  Prior to shipping the 
neutron generator, an “Application for Army Radiation Authorization” form was submitted to the Army.  
This form indicated the type of radioactive source that would be shipped, the maximum dose rate that 
could be achieved by the generator running at full output, and details about the licensing of the 
radioactive material.  A copy of this form can be seen in Appendix A.  Once use of the generator was 
authorized by the U.S. Army, INL scientists and U.S. Army civilian employees could then operate the 
generator at Aberdeen Proving Ground while following U.S. Army radiological controls, radiological 
work permits, etc.   

Alternately, the use, control, and regulation of the system could be completely controlled by the 
system owner at an off-site location.  This type of scenario is particularly appropriate for training and 
demonstration activities.  The owner of the system would then, with agreement by the host site, provide 
radiological control, dosimetry, radiological work permits, safety analysis, etc.  This process is required if 
the host of the off-site location does not possess the necessary radiological control program to own a 
PINS-3X system.   INL has provided off-site training using this process in the past, particularly in 
activities where SNM was used and INL needed to maintain control of the material.  Activities involving 
use of the PINS-3X system can be similarly performed by the owner of the system, given that possessing 
the system requires an active radiological control program and a radioactive material license issued by the 
NRC or an agreement state. 
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3.2 Emergency Response Use of the System 
 

The standard PINS system is periodically used for emergency response for identifying chemical 
warfare material or explosives at locations that are not U.S. Government property.  Under such situations, 
transport and use of the system falls under the Military Munitions Rule4 and some of the conditions 
required for transport and use of the system are relaxed in the interest of removing a threat to the general 
public in a timely fashion.  The health physics training of the users and the operating guide of the 
instrument system is relied on in these circumstances.   The Rule specifically does not include improvised 
explosive devices (IEDs), nuclear weapons, radiological dispersion devices (RDDs), or improvised 
nuclear devices (INDs). 

Under situations where the PINS-3X system was being used in an emergency response to assess a 
suspected IND, IED, RDD, or nuclear weapon the NNSA team performing the response would similarly 
rely on the health physics training5 of the operators and the operating guide of the instrument6 .  This is a 
similar procedure to how NNSA emergency responders operate some of their other Radiation Generating 
Device (RGD) gear such as x-ray radiography equipment.   PINS operators are routinely trained in basic 
health physics concepts such as ALARA (As Low As Reasonably Achievable), radiation interactions in 
matter, and appropriate distances for radiation boundaries when using the system.  This training would be 
used by the operators, along with their other training, in using the system safely. 

 

 
 

4. CONCLUSIONS  
 

PINS systems have been used at non-INL locations since their inception for emergency response, 
research and development, and training.  Depending on the type of system, there are various requirements 
for ownership, shipment, and use of the system at other locations. The PINS-3X system incorporates a 
deuterium-tritium based electronic neutron generator, which requires licensing for the radioactive material 
and imposes some shipping requirements on the system.  Awareness of these requirements allows a user 
to transport and operate the system safely and in an approved manner. 
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